There is a paucity of data on the effectiveness of commercially available electronic systems for improving health care in office practices, where the majority of health care is delivered. In particular, the effect of electronic laboratory result viewing on quality of care, including preventive care, chronic disease management, and patient satisfaction, is unclear.
INTRODUCTION
Outpatient medical offices, where the majority of American physicians practice, 1 traditionally use paper-based methods to organize clinical information. 2 Receiving laboratory results by regular mail or fax can cause delays in receipt of results and uncertainty about which tests have been completed and when. 3 Health information technology (HIT) is widely believed to have the potential to improve receipt of test results and other aspects of health care quality. [4] [5] [6] [7] Many states are spending tens of millions of dollars on HIT infrastructure, including promoting adoption of electronic health records (EHRs), [8] [9] [10] despite uncertain returns on investments. Nevertheless, small group practices have been relatively slow to adopt HIT. 2 Barriers to adoption include: the large up-front capital costs usually required, skepticism about the clinical utility of these systems, concerns about potential loss of productivity, and lack of computer skills.
11
Data on the effectiveness of HIT are limited, with the literature being defined by the use of technology to improve care within a few pioneering academic medical centers that have home-grown systems. 12 Relatively little is known about the effectiveness of using HIT (especially commercially available systems) in physician offices. The effectiveness of exchanging health information across health care settings is unknown. Previous studies, some of which incorporate alerts, found that electronic laboratory result viewing can decrease unnecessary repeat testing and shorten the time to address abnormal results. [13] [14] [15] [16] These studies considered the effect of electronic laboratory result viewing within a single setting: the inpatient setting, 13, 14 the emergency department, 15 or a hospital-based clinic. 16 The effects of electronic laboratory result viewing on preventive care and management of chronic disease-either in these settings or in practices that would need to exchange data with external, free-standing laboratories-are unclear.
Other electronic interventions have been evaluated for their effects on preventive care and chronic disease management in the ambulatory setting. Computerized alerts and reminders within EHRs have been found to increase adherence to An earlier version of this work was presented at the national meeting of the Society of General Internal Medicine in Toronto, Ontario, Canada on April 27, 2007. preventive care guidelines [17] [18] [19] [20] [21] [22] and improve management of chronic disease. [23] [24] [25] [26] [27] [28] However, these studies took place in academic general Internal Medicine clinics [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] or primary care clinics within staff-model health maintenance organizations (HMOs), 28 which may limit generalizability.
We studied a large independent practice association (IPA), mostly comprised of small group practices, which has access to a commercially available internet-based portal for exchange of laboratory data among ambulatory providers, free-standing laboratories, and hospitals. This portal is available through monthly subscription fees and can be used with or without an EHR. We sought to measure any association between use of this portal and higher quality of care, including preventive care, chronic disease management, and patient satisfaction. We specifically sought to determine whether an association exists independently of EHR adoption.
METHODS

Overview
We conducted a cross-sectional study of primary care physicians (PCPs) in the Taconic IPA, located in New York's Hudson Valley. All PCPs had the opportunity to access a free-standing, internet-based portal by MedAllies for viewing laboratory results. Some also adopted EHRs, using vendors of their choice and products with varying decision support capabilities. We used performance data collected in 2005 by MVP Health Care, a regional health plan.
Participants and Setting
The Taconic IPA has 3,000 physicians and strong leadership advocating for both quality improvement and HIT adoption. Most physicians are in solo or small group practices. Many participate in the Taconic Health Information Network and Community (THINC), a regional health information organization that brings together physicians, hospitals, laboratories, and other stakeholders for health information exchange. The Taconic IPA is the exclusive physician network for MVP We also obtained data from MVP to control for physicians' characteristics: age, gender, specialty (Internal Medicine, family practice, or general practice), board certification, degree (MD or DO), physician group size, patient panel size, case mix, resource consumption, and use of ePocrates (an electronic drug reference).
Case mix was calculated by MVP using commercially available software that applied the Diagnostic Cost Group (DxCG) All Encounter, Explanation model. 30, 31 The case mix for each patient is standardized against the average for MVP's HMO and another MVP product. The case mix for each physician is calculated by averaging the case mix for his or her patients. A value of 1.0 represents average case mix, <1.0 represents healthier than average, and >1.0 sicker than average. Resource consumption reflects the amount of services a physician's panel utilized, including professional and outpatient services, laboratory tests, pharmacy, radiology, emergency department utilization and hospitalization. The resource consumption index is also standardized, with 1.0 representing average, <1.0 lower than average, and >1.0 higher than average resource consumption.
Statistical Analysis
Usage of the portal for laboratory result viewing was calculated as the average number of days per month a PCP logged in and then converted to a percentage of target usage, defined by MedAllies as 15 days per month. For example, if a PCP logged in an average of 10 days per month, portal usage would be 67%, i.e., 10/15×100. Usage exceeding 15 days per month was truncated and considered 100% usage. Because usage data were skewed, we classified PCPs into 2 groups, those with any portal usage and those with none.
We used descriptive statistics to characterize our sample overall and stratified by portal usage and-separately-by EHR adoption. We compared portal users to nonusers and EHR adopters to nonadopters, using t tests for continuous variables and chisquared or Fisher's exact tests for dichotomous variables.
We compared the performance of each PCP to the mean performance of MVP's HMO. We assigned each PCP a value of 1 if s/he scored equal to or better than the HMO mean and 0 otherwise. We also calculated the proportion of PCPs whose performance was equal to or better than the HMO mean for each quality measure. In addition, we generated a quality index for each PCP, equal to the number of measures for which s/he performed at or better than the HMO mean divided by the total number of measures for which that PCP was eligible. We summarized the index for the physicians as a group.
We explored associations among portal usage, EHR adoption, physician characteristics, and quality of care overall using generalized estimating equation models to account for multiple quality outcomes per PCP. Not every PCP provided data for every measure, because some measures were specialty-specific and some required having ≥5 patients with the relevant conditions. We fitted bivariate and multivariate stepwise regression models with backward elimination.
We conducted an analysis stratified by whether the performance measures would be expected to be impacted by use of electronic laboratory result viewing, considering the following 8 measures to be potentially impacted: mammography; Pap smears; colorectal cancer screening; nephropathy screening, lipid control and glycemic control for patients with diabetes; satisfaction with quality of care; and satisfaction with communication from physicians' offices. Because not all mammogram, Pap smear, and colonoscopy results were available through the portal, we conducted a second stratified analysis reclassifying these measures as not expected to be impacted by use of electronic laboratory result viewing.
All analyses were performed by using SAS version 9.1 (SAS Institute, Inc., Cary, NC). We considered p values ≤ 0.05 to be significant.
RESULTS
We included all 168 PCPs with ≥150 MVP patients. These PCPs were 48.7 years old on average and 77% were male (Tables 1  and 2 ). Approximately half were Internists, and almost all were board certified (90%) and held MD degrees (89%). The average practice size was 3.8 physicians (SD 4.4).
One-third (N=54, 32%) of PCPs were using the portal for electronic laboratory result viewing. Among users, the average PCP logged in 6.3 days per month or 43% of target usage (SD 5.1 days or 34% of target usage, median 5.1 days or 34% of target usage). Users were younger (46.5 vs 49.7 years, p=0.03) and had larger average panel sizes (501 vs 359, p=0.007) than nonusers. There were no differences between users and nonusers in terms of EHR adoption or any other physician characteristic (Table 1) .
Ten percent of PCPs (N=17) had adopted EHRs. Adopters were more likely to be family practitioners than nonadopters (59% vs 49%, p=0.05). There were trends toward adopters being younger (45.4 vs 49.1 years, p=0.10) and less likely to be board certified (76% vs 92%, p=0.06) than nonadopters, although these findings were not statistically significant. There were no differences between adopters and nonadopters in terms of use of electronic laboratory result viewing or any other physician characteristic (Table 2 ).
In terms of quality, 40-76% of PCPs exceeded the HMO mean for most measures ( Table 3 ). The notable exceptions were documentation of BMI for adolescents and for patients with diabetes, for which only 17-20% of PCPs exceeded the HMO mean. Overall, the average physician exceeded the HMO mean of 52% of the quality measures.
In a bivariate model, portal usage was associated with higher quality (odds ratio [OR] 1.29; 95% confidence interval [CI] 1.02, 1.64). Also in bivariate models, being board certified and having a sicker patient panel were associated with higher quality, whereas older age, male gender, and being a family or general practitioner were associated with lower quality (Table 4 ). Adoption of an EHR was not associated with quality (Table 4) .
In multivariate models, portal usage persisted as a variable associated with higher quality (OR 1.25; 95% CI 1.003, 1.57; p= 0.047). Being board certified, having a sicker panel of patients and consuming more resources were also each independently associated with higher quality, and being a family practitioner was associated with lower quality (Table 5) .
When we stratified our results by whether the performance measures were expected to be impacted by electronic laboratory result viewing, portal usage persisted as being associated with higher quality for measures expected to be impacted (including mammography, Pap smears, and colonoscopy) (adjusted OR 1.34; 95% CI 1.00, 1.81; p=0.05) but not associated with quality for measures not expected to be impacted (adjusted OR 1.03; 95% CI 0.72, 1.48; p=0.85). When we redid this stratified analysis reclassifying mammography, Pap smears, and colonoscopy as measures not expected to be impacted by result viewing, the results were essentially the same: portal use was associated with higher quality for measures expected to be impacted (adjusted OR 1.42; 95% CI 1.03, 1.98; p= 0.03), but not associated with quality for measures not expected to be impacted (adjusted OR 1.09; 95% CI 0.85, 1.41; p=0.49).
DISCUSSION
In this study of small group practices, we found that electronic access to laboratory results was associated with higher performance on preventive care, chronic disease management, and patient satisfaction. We found that the association between electronic laboratory result viewing and quality of care was independent of adoption of EHRs. These findings are notable because the study used a commercially available electronic portal that allows viewing of data from geographically separate ambulatory practices, free-standing laboratories, and hospitals. This study is also notable because, in many other settings, electronic laboratory result viewing is a function integrated into EHRs (rather than being a free-standing application), in which case it is difficult to measure the independent effect of laboratory result viewing.
We did not find a statistically significant association between adoption of EHRs and quality of care, although the effect size of EHR adoption (OR 1.29) was actually similar to that of electronic laboratory result viewing (OR 1.22). Only 10% of PCPs had adopted EHRs, compared to 32% using electronic laboratory result viewing. The small sample size of EHR adopters led to wider confidence intervals, reflecting limited power to find a difference in quality between adopters and nonadopters even if a difference existed. Asthma medication management, % of members with asthma who filled a prescription for more than 1 short-term beta agonist in a specified 3-month period and were also on a long-term controller medication (credit was also given for members with asthma on a long-term controller medication who did not require frequent short-term beta agonist use) There are 2 possible interpretations of our main findings. Electronic laboratory result viewing could improve quality of care by enabling physicians to identify easily which laboratory data are missing for certain patients (e.g., a mammogram or hemoglobin A 1c ) and thereby facilitate ordering of the missing test. Alternatively, the association between electronic laboratory result viewing and quality of care could be confounded by unmeasured physician characteristics. Early adopters of new technologies may have different personalities than late adopters 32, 33 , although there is little empirical evidence about differences in performance between early and late adopters. Although this is a cross-sectional study and we cannot infer causality, the stratified analyses we performed are consistent with the first interpretation, as portal usage (by the same physicians) was not associated with quality for measures not expected to be affected by results viewing. We also found that being a General Internist, being board certified, having a sicker panel of patients, and consuming more resources were each independently associated with higher quality. The literature comparing quality of care delivered by general interests versus family practitioners is limited, because most studies pool these physician groups and compare them to subspecialists. One study found that family practitioners were more prepared at the end of training to provide ambulatory care than General Internists, which would lead to the opposite of what we found; however, this study was limited by self-assessment of preparedness rather than actual provision of care. 34 Although the literature on board certification is mixed, a majority of studies do suggest an association between board certification and better clinical outcomes 35 ; this is consistent with our study. It is counterintuitive to find that having a sicker panel of patients is associated with higher quality of care; this may reflect some selfselection among patients (with patients having chronic disease choosing better physicians) or an unmeasured characteristic of physicians (with physicians having sicker patients also being more motivated to improve their quality of care). The finding that higher resource consumption is associated with higher quality of care is not surprising, as several quality measures are defined by ordering tests.
Previous studies have found specific effects of electronic laboratory result viewing (with or without alerts), such as decreased ordering of unnecessary tests 13, 15, 16 and improved management of abnormal results. 14 To our knowledge, our study is the first to find an association between electronic laboratory result viewing and quality of care, as defined by preventive care, chronic disease management, and patient satisfaction measures. Our findings were consistent whether we considered 15 quality measures (to capture many potential effects of EHRs) or narrower sets of 5 or 8 quality measures (to capture only those outcomes directly affected by access to laboratory results).
There are several limitations of this study. First, this study is cross-sectional in design and therefore cannot prove causality. Second, our sample size, particularly of physicians using electronic health records, was relatively small. Third, we do not have data on whether physicians accessed laboratory results through their EHRs, instead of or in addition to accessing them through the portal. However, because only 10% of physicians had EHRs, the magnitude of this effect is likely to be small, if any. Finally, our study took place in 1 IPA in the Hudson Valley of New York, which may limit generalizability. The overall quality of care found in this study, regardless of electronic laboratory result viewing, was higher than the national average. 36, 37 In conclusion, this study suggests that electronic laboratory result viewing, which the Institute of Medicine considers to be a core electronic functionality, 38 is associated with providing higher quality ambulatory care. This study is notable because it involves small group practices; a commercially available product; a payment structure for physicians that facilitates adoption and sustainability; and exchange of data across geographically distinct practices, laboratories, and hospitals. 
